Aim-To assess the prevalence of an antenatal onset of haemorrhagic and/or ischaemic lesions in preterm infants; to identify possibly related obstetric risk factors. Methods-A prospective cohort study was made of 1332 infants born at less than 34 completed weeks, using cranial ultrasound, for the presence of antenatal brain lesions (group A) involving the periventricular white matter (PVWM) or central grey matter. Entry criteria were presence of (i) cysts in the PVWM < 7 days; (ii) increased PVWM echogenicity < 6 hours, confirmed to be white matter necrosis at post mortem examination; (iii) a unilateral porencephalic cyst < 3 days; (iv) an intraventricular haemorrhage with unilateral parenchymal involvement < 6 hours; and (v) symmetrical areas of increased echogenicity in the thalami, confirmed to be areas of calcification on post mortem examination. Group B consisted of infants with a normal early neonatal ultrasound scan with subsequent development of the lesions mentioned above. Results-Twenty four cases met the entry criteria for group A: 17 died and five of the seven survivors developed cerebral palsy at follow up. Of the whole cohort, 156 (11.7%) infants died and in 63 (40.3%) of these a large ultrasound lesion was present. In 17 (26.9%) cases this lesion was considered to be of antenatal onset. Sixty eight of the 1176 (5.8%) survivors developed cerebral palsy and this was attributed to antenatal onset in five (7.3%). A comparison of the obstetric risk factors between the infants in group A and B, who either died or developed cerebral palsy, showed a significant diVerence in gestational age between the two groups (30.9 vs 28.9 weeks; p<0.001). Prolonged rupture of membranes was significantly more common in group B (p=0.03), while an ominous cardiotachogram was significantly more common in group A (p=0.01), and this remained significant following logistic regression analysis. Conclusions-Although these data suggest that most preterm infants did not develop their brain lesions in utero, an antenatal onset was not uncommon, especially in those with PVWM lesions, who did not survive the neonatal period.
During the past few years considerable attention has been paid to the possibility of an antenatal onset of intracranial lesions, which can subsequently lead to the development of cerebral palsy during infancy. [1] [2] [3] [4] Initially studies focused on full term infants, emphasising that only 10-20% of the cerebral palsy cases could definitely be attributed to a perinatal or postnatal problem. 5 6 Recently more attention has been paid to the antenatal onset of intracranial lesions in preterm infants, resulting in the development of cerebral palsy. [1] [2] [3] In particular large intraventricular haemorrhages (IVH) with parenchymal involvement and extensive cystic periventricular leucomalacia are lesions often associated with an adverse neurological outcome. [7] [8] [9] Many published case reports detail an antenatal onset of IVH or multicystic encephalomalacia in preterm infants. 4 10-12 A few larger post mortem studies have also reported a mixed cohort of preterm and full term stillbirths. 13 14 Recently, Murphy et al 15 reported a cohort of preterm infants who died during their first hospital admission. Necropsy findings suggested that extensive white matter damage had been of antenatal onset in 31% of the 83 cases. To date, only two large studies have been published which deal with live born preterm infants with ultrasound abnormalities, present immediately after birth, that suggest an antenatal onset. 1 3 The aim of this study was twofold. First, to gain more insight into the prevalence of an antenatal onset of haemorrhagic and/or ischaemic lesions in a cohort of preterm infants with a gestational age of 34 weeks or less, and secondly, to investigate possibly associated obstetric risk factors.
Methods
Between 1 September 1989 and 1 January 1996, 1332 infants with a gestational age of 34 weeks or below were admitted to the neonatal intensive care unit of the Wilhelmina Children's Hospital in Utrecht. All infants were studied prospectively, using cranial ultrasound, for the presence of antenatally acquired haemorrhagic and/or ischaemic lesions, involving the periventricular white matter or central grey matter.
The obstetric history was reviewed by one of us (HWB) and the following data were collected: pre-eclampsia (diastolic pressure > 90 mm Hg on at least two occasions plus proteinuria > 0.3 g/24 hours); antepartum haemorrhage (after 20 weeks of gestation); placental abruption; emergency caesarean section; prolonged prelabour rupture of membranes (>24 hours); chorioamnionitis; maternal infection (cystitis); twin pregnancy; death of a monozygotic co-twin; any known maternal trauma; polyhydramnios; decreased fetal movements; cardiotachogram abnormalities and absent end diastolic or reversed flow in the umbilical artery. The mode of delivery was recorded, as well as the infants' condition at birth, including umbilical cord blood acid base analysis and Apgar scores.
Cranial ultrasound scans were performed as soon as possible after admission to the neonatal intensive care unit, using a UM-4 mechanical sector scanner with a rotating scan head (5-7.5-10 MHz transducer). Examinations were performed daily during the first week of life and then twice a week until discharge.
Entry criteria for group A included a diagnosis of an "antenatally acquired" lesion when one of the following criteria were met: cystic lesions in the periventricular white matter, present within the first 7 days of life; increased echogenicity in the periventricular white matter, present within 6 hours of birth, confirmed to be white matter necrosis at post mortem examination or evolving into cystic lesions within the first 7 days of life; unilateral porencephalic cyst diagnosed within the first 3 days of life; unilateral IVH, associated with parenchymal involvement present within 6 hours of birth; symmetrical areas of increased echogenicity in the thalami, present within 6 hours of birth, confirmed at post mortem examination to be areas of calcification. 16 Entry criteria were not met when: white matter necrosis was not confirmed by post mortem studies, or when there was no evolution into cystic lesions within the first 7 days of life or when IVH was noted after 6 hours of age.
Group B comprised children who had a normal ultrasound scan on admission, but subsequently developed any of the lesions mentioned above. They either died or went on to develop cerebral palsy.
The survivors were seen in the follow up clinic at 3, 9, 18 and 24 months of age, corrected for prematurity. Assessment of outcome was made using the GriYths' mental developmental scale 17 and items from AmielTison and Grenier 18 and Touwen. 19 A developmental quotient below 85 on the GriYths scale was considered abnormal and cerebral palsy was classified according to the criteria of Hagberg et al. 20 The results of all comparisons are presented as odds ratios and 95% confidence intervals. The two tailed Fisher's exact test with Yates' correction was used to test for diVerences between those with antenatal lesions and those with a normal first ultrasound scan with subsequent development of similar brain lesions. A p value of less than 0.05 was regarded as significant. Stepwise logistic regression analysis was performed to determine whether the variables that were found to be significant were independently associated with the two groups.
Results
Only twenty four cases (1.8%) met the entry criteria for group A: six infants had cystic lesions in the periventricular white matter; four infants had early changes compatible with white matter damage, confirmed on histology; three infants showed a porencephalic cyst; five had an IVH with unilateral parenchymal involvement and four had a large IVH with periventricular flaring; two infants had symmetrical echogenic lesions in the thalami.
The infants were divided into four groups with regard to a possibly similar aetiology for their ultrasonographic abnormality (tables 1 and 2).
PROLONGED FETAL DISTRESS (CASES 1-14) At least two of the following obstetric risk factors were present in six infants (cases 1-6) with a large IVH associated with unilateral parenchymal involvement and ipsilateral thalamic involvement, and in two infants with a large IVH and periventricular flaring (cases 7 and 8): pre-eclampsia; HELLP; decelerations on the cardiotachogram; absent end diastolic flow on Doppler ultrasound studies; and decreased fetal movements. All were delivered by emergency caesarean section. Gestational age ranged between 27 and 32 weeks. All but two infants did not survive the neonatal period.
Three other infants, cases 9-11, also suffered fetal distress, but had diVerent cranial ultrasound abnormalities. In one case labour had been induced in another hospital at 32 weeks, following the diagnosis of a myelomeningocele. Induction was not successful and spontaneous delivery occurred two weeks later. Extensive white matter damage was present immediately after delivery. In the other two cases decreased fetal movements and decelerations on the cardiotachogram had been present. In both infants extensive areas of increased echogenicity were present in the periventricular white matter, as well as in the region of the middle cerebral artery in one. All three infants died. A post mortem examination was performed in two and confirmed the ultrasonographic findings.
Two infants born at 27 and 33 weeks, respectively (cases 12 and 13), were delivered by emergency caesarean section, the first because of a placental abruption, the other because of decreased fetal movements, polyhydramnios, and decelerations on the cardiotachogram. These infants were unable to breathe spontaneously at birth, required vigorous resuscitation, and both showed contractures in hips, knees, and elbows and facial diplegia. Symmetrical areas of increased echogenicity in the thalami were noted on day 1 and this was confirmed to be calcification on computed tomogram and at post mortem examination. These infants were diagnosed as having symmetrical thalamic lesions. 16 One further infant (case 14) was in antenatal distress due to antenatal supraventricular tachycardia, occurring at about 28 weeks of gestational age and a porencephalic cyst was diagnosed at delivery at 33 weeks.
MULTIPLE PREGNANCY (CASES 15-18) Four infants were part of a multiple pregnancy. Two cases born at 28 and 31 weeks, respectively, showed extensive periventricular cysts on day 1. Their monozygous co-twins had died two and three weeks earlier. One case, one of monozygous twins, was born by emergency caesarean section at 34 weeks because of decelerations on the cardiotachogram, associated with absent diastolic umbilical flow. This twin was noted to have a large left middle cerebral artery infarct with cyst formation present on day 3. The fourth infant was a triplet born at 31 weeks who was noted to have a small infarct in the region of the right middle cerebral artery with cyst formation on day 1. The triplet was delivered by emergency caesarean section EmCS = emergency caesarean section; MMC = myelomeningocele; SVT = supraventricular tachycardia; PET = pre-eclampsia; IUGR = intrauterine growth retardation; APH = antepartim haemorrhage. because of decelerations on the cardiotachogram in his co-triplet who was severely growth retarded.
CONGENITAL CYTOMEGALOVIRUS INFECTION (CASE 19)
One infant born at 33 weeks had cysts in the occipital periventricular white matter at birth. She was severely growth retarded and microcephalic at birth and was confirmed to have congenital cytomegalovirus infection. 21 
COAGULOPATHY (CASE 20)
One infant born at 31 weeks was noted to have a large IVH and periventricular leucomalacia at birth. The haemoglobin concentration at delivery was 2.9 mmol/l with a platelet count of 18 x 10 9 /l. Further investigations showed that neonatal alloimmune thrombocytopenia was the underlying problem.
UNKNOWN AETIOLOGY In the remaining four infants no definite aetiology could be established. The infants had a gestational age of 27, 29, 33 and 34 weeks, respectively. One had a lethal skin disorder (restrictive dermopathy); polyhydramnios and decreased fetal movements had been present before delivery. Extensive areas of increased echogenicity of the periventricular white matter were present at birth. The second case was delivered by caesarean section because of decreased fetal movements and variable decelerations on the cardiotachogram. Ultrasound scans showed periventricular calcifications, a porencephalic cyst, and an isolated subcortical cyst in the other hemisphere. No congenital infection was identified. In the third case the mother had hepatitis A infection during the second trimester and the infant had unilateral periventricular cystic lesions at birth. The last case was delivered vaginally, had a poor Apgar score, and was diagnosed as having a large IVH with substantial periventricular echodensities at 3 hours of age.
NEURODEVELOPMENTAL OUTCOME Seventeen of the 24 (70.8%) infants died and ultrasound abnormalities were confirmed in the seven cases in whom permission for post mortem examination had been obtained. Of the seven surviving infants, one preterm infant with IVH and unilateral parenchymal and thalamic involvement had a noticeable speech delay at 3 years of age. One preterm infant with a localised infarct in the region of the middle cerebral artery had a borderline developmental quotient at 2 years of age. The remaining five infants developed cerebral palsy, which was associated with mental retardation in two.
OBSTETRIC RISK FACTORS FOR INTRACRANIAL LESIONS DEVELOPED ANTENATALLY OR PERINATALLY
During this six year period 68 of the 1176 survivors (5.8%) developed cerebral palsy attributed to an antenatal onset in five cases (7.3 %) (fig 1) . In a further 14 cases (table 3) , a severe ultrasound abnormality was noted on the first scan, but the entry criteria were not met as the IVH was restricted to the lateral ventricle in two and the scan was performed after 6 hours of age in nine cases with an IVH with parenchymal involvement; in the other three cases with leucomalacia, increased periventricular echogenicity was noted on day 1, but cysts were first noted after the end of the first week of life. Of these 63 perinatal cases, only 49 could therefore be used for comparison of obstetric risk factors.
One hundred and fifty six infants (11.7%) died during this six year period. In 63 of these 156 infants (40.3%) a large haemorrhagic and/or ischaemic lesion was present on ultrasound scan. In 17 (26.9%) of them these lesions occurred before birth. In a further 11 cases a large haemorrhage was noted on the first ultrasound examination, but in three infants the entry criteria were not met as the blood was restricted to the ventricular system; in seven the first scan was performed between 6 and 24 hours of age, and in one case white matter damage was noted but not confirmed as permission for post mortem examination was not obtained. Of these 46 perinatal cases, only 35 could therefore be used for comparison.
Twenty two infants with a definite antenatally acquired lesion who either died or went on to develop cerebral palsy were thus compared with 84 cases (49 survivors and 35 nonsurvivors) in whom the first ultrasound scan did not show any major ultrasound abnormalities, or where periventricular cysts developed after the first week of life.
Mean gestational age at birth was significantly higher for the antenatal cases (mean 30.9; range 27-34) than for the perinatal cases (mean 28.9; range 25-34) (p<0.001).
Antenatal complications were common in both groups. Prolonged rupture of membranes was significantly more common among the , and all but one of these cases was delivered by emergency caesarean section.
After stepwise logistic regression analysis only an ominous cardiotachogram remained significant (P=0.01).
Discussion
In this cohort of preterm infants with a gestational age of 34 weeks or below, studied in a tertiary intensive care unit during a six year period, definite antenatal onset of haemorrhagic and/or ischaemic lesions was established in 1.8%. This prevalence seems low, but it has to be remembered that no ultrasound abnormalities were present in 46% of the children in this cohort. It is therefore of greater importance to establish that five of the 68 infants (7.3 %) who survived and went on to develop cerebral palsy in infancy and 17 of the 63 cases (26.9%) who died with a similar type of haemorrhagic/ischaemic lesion met the criteria of an antenatally acquired lesion. Furthermore, the number of antenatal cases is probably higher, but several infants could not be included as they either presented with only an intraventricular haemorrhage (n=5) or they had associated parenchymal involvement but were admitted after the first 6 hours of age (n=16), which made it impossible to be certain about the antenatal onset. If, for instance, all nine surviving cases with parenchymal involvement diagnosed on the first scan, performed after 6 hours, were considered to be of antenatal onset, this would raise the prevalence of 7.3% (5/68) to 20% (14/68).
When looking at the aetiology of these antenatal brain lesions, prolonged fetal distress was noted to be most common. In four infants a similar ultrasound picture was found immediately after birth, which has so far not been reported. These infants had a large intraventricular haemorrhage, associated with both unilateral parenchymal involvement as well as ipsilateral involvement of the thalamus. Severe pre-eclampsia, associated with decreased fetal movements and an ominous cardiotachogram and/or absent end diastolic flow, with subsequent delivery by emergency caesarean section, was noted in all. Prolonged fetal distress was present in 11 other cases, but with diVerent intracranial pathology on ultrasound scan. In two infants who had symmetrical thalamic lesions, confirmed to be areas of calcification on post mortem examination, acute rather than prolonged fetal distress probably preceded these lesions. 16 Multiple pregnancy was present in four of the antenatal cases, with death of a monozygous co-twin in two. 22 The third set of twins was also monozygous and the smaller one, who showed signs of fetal distress on cardiotachogram and Doppler ultrasound, had a large cystic middle cerebral artery infarction evident on ultrasound scan after birth. The last one was a triplet and the reason for the antenatal infarct in this infant remains unclear, as the emergency caesarean section was performed for fetal distress in his brother. In one infant coagulopathy due to neonatal alloimmune thrombocytopenia was the probable cause of the large intraventricular haemorrhage. 23 In four infants the aetiology remains uncertain. In the case with a lethal skin disorder prolonged fetal distress seems the most likely explanation, while in the third case it cannot be excluded that the maternal hepatitis infection earlier in pregnancy might have contributed to the development of brain lesions.
The outcome of the group with antenatal lesions was poor: 17 of the 24 infants died and none of the survivors was completely developmentally normal at follow up.
Antenatal and perinatal risk factors were compared in those with a haemorrhagic/ ischaemic lesion of definite antenatal onset and those who had a normal first ultrasound scan and subsequently developed a similar brain lesion. The infants with an established lesion at birth were significantly more mature than those who developed this lesion after birth (30.9 vs 28.9 weeks). This is not surprising as some of the antenatal lesions, like the death of a co-twin, could be accurately timed and occurred two and three weeks before birth. In other children, however, for example those with haemorrhagic parenchymal involvement or increased echogenicity in the periventricular white matter, the intracranial lesion probably occurred less than 48 hours before delivery.
In spite of the fact that the insult had occurred sometimes several weeks before delivery, with the lesion being well established at birth, significantly more abnormal tracings were recorded among the antenatal cases, resulting in an emergency caesarean section in all but one of them. This finding is important in terms of the ever increasing number of medico-legal cases. Prolonged rupture of membranes, however, was significantly more common among the infants who developed ultrasound lesions during the neonatal period. This finding agrees with several recent studies in which an association was found between premature rupture of the membranes and IVH, While we grouped together infants who survived with cerebral palsy with infants who died, but who had severe intracranial pathology on cranial ultrasound, previous studies have either looked at survivors with cerebral palsy or at infants who were either stillborn or died early. It is therefore diYcult to compare our data with those of other studies. Bejar et al 1 prospectively studied 127 preterm infants with a gestational age < 36 weeks to determine the incidence of white matter necrosis and found a very high incidence of 10.3% of children who had cysts by day 3. Stepwise logistic regression identified placental vascular anastomoses in multiple pregnancy, funisitis, and purulent amniotic fluid as significant risk factors. Murphy et al 3 studied a cohort of singletons born before 33 weeks between 1987 and 1990. They excluded those who died and matched 18 cerebral palsy cases with controls. None of the infants had cysts by day 3, six developed cysts by day 10, and two of these had periventricular echodensities on the first postnatal scan. They concluded that intrauterine factors may have contributed to the adverse neurological outcome, but that most of the infants developed their intracranial brain lesion in the perinatal period.
Several large pathology studies have been reported recently, showing a wide variation of white matter damage in stillborn infants from less than 2% 27 up to 40%. 13 In one study 14 microscopic evidence of ischaemic cerebral injury was found in 31% of the stillborn infants and this was commonly associated with placental infarcts. In another study an association was noted with acute intrauterine infection. 28 In a recent study by Murphy et al 15 who studied a cohort of 83 very preterm infants who died, 57% had evidence of cerebral damage and this was considered to be of antenatal onset in 31%. This is very similar to the 26.9% noted in our study. Not all their cases had cranial ultrasound examinations and a lesion was defined as being of antenatal onset on the basis of the pathology findings.
In conclusion, the total number of preterm infants who either died or developed cerebral palsy following the development of a haemorrhagic and/or ischaemic lesion, acquired well before birth, was small, suggesting that most preterm infants do not develop their brain lesions in utero. However, some antenatal factors, such as prolonged prelabour rupture of membranes, may be associated with postnatal onset of certain brain lesions, or may make the brain more vulnerable to subsequent insults in the neonatal period.
